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Cytoskeleton: CLASPing the end to the edge
Francis J. McNally
Microtubules play a critical role in establishing
asymmetry in many cell types. Recent work suggests
how conserved protein complexes that bind specifically
to the growing ends of microtubules may establish
polarized links to special regions of the cell cortex.
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In many eukaryotic cell types, the interaction of microt-
ubules with specialized regions of the cell cortex is essen-
tial for the polarized transport of intracellular cargo and
establishment of cellular asymmetry. Members of the
CLIP170 and EB1 families of proteins bind specifically
to the growing ends of microtubules and participate in
orienting microtubules toward specific cortical sites. The
EB1 family proteins may actually tether microtubule ends
to the cortical sites. This orientation probably allows trans-
port of special cargo by kinesin-like proteins toward those
cortical sites. Because many EB1 and CLIP-170 family
members seem to tether cargo to the ends of microtubules
[1], it is possible that this tethering to the ends of growing
microtubules may provide a transport mechanism distinct
from that provided by kinesin-like motors. 
Recent studies have led to the discovery of new binding
partners for CLIP170 [2] and EB1 [3]. In a particularly
intriguing twist, the new binding partners for CLIP170,
called CLASPs, and the EB1-binding partner, Moe1, turn
out to be regulators of microtubule polymerization and
stability. CLIP–CLASP and EB1–Moe1 complexes may
therefore directly influence the polymerization dynamics
of the microtubule plus ends to which they are attached.
In this scenario, these microtubule ‘end complexes’ would
control microtubule polymerization and thus control posi-
tioning of the tethered cargo.
EB1 family members seem to play a conserved role in teth-
ering microtubule ends to special cortical sites. In budding
yeast, the protein Kar9 marks a special cortical spot in the
bud tip (Figure 1a). The EB1 family member Bim1 binds
to the growing ends of cytoplasmic micro-tubules and
interacts directly with cortical Kar9. This linkage of a
microtubule to the special cortical spot allows the nucleus
to be pulled into the bud neck to allow completion of an
asymmetric cell division [4]. Analysis of microtubule
dynamics in bim1 mutants suggest that Bim1 actually
increases the frequency of transitions between growing
and shrinking states at the microtubule end [5]. Thus,
Bim1 may increase the efficiency with which microtubule
ends probe the cell cortex in search of the Kar9 spot. 
Mammalian EB1 binds tightly to the adenomatous poly-
posis coli (APC) protein, the product of a tumor suppressor
gene [6]. Because APC is found at special cortical sites in
epithelial cells, it is possible that EB1 at microtubule ends
is used to establish links to special cortical sites by the
same mechanism. Support for this model of APC as a corti-
cal binding partner for EB1 comes from genetic analysis of
spindle orientation in Drosophila neuro-epithelial cells. In
these epithelial cell sheets, the specialized cortical sites
are adherens junctions that contain APC. Both APC and
EB1 are required to orient spindles in the plane of the
epithelial cell sheet [7], suggesting that direct binding of
EB1 on the microtubule end with APC in adherens junc-
tions mediates a spindle orientation that results in a sym-
metric, rather than an asymmetric, division (Figure 1b).
Recent studies in fission yeast [3] have identified a
conserved binding partner for EB1 called Moe1, for ‘micro-
tubules over-extended’, because moe1 mutants display
unusually long microtubules. The long microtubule pheno-
type suggests that Moe1 may stimulate microtubules to
transit between growing and shrinking states, just as Bim1
does in budding yeast. Genetic and physical interaction
studies indicate that EB1 and Moe1 may act as a complex
in regulating microtubules of the mitotic spindle in fission
yeast. The complementation of fission yeast moe1 mutants
by human Moe1 indicates that this complex may have a
conserved function in eukaryotes [3]. Indeed, a recent
study [8] found that downregulation of the Caenorhabditis
elegans Moe1 homolog by RNA interference resulted in
meiotic spindle defects. In summary, EB1 family members
in yeast and flies may help microtubules locate their corti-
cal targets by promoting transitions between growing and
shrinking states, and may tether microtubule ends to the
cell cortex so that a force can be generated between the
cell cortex and the spindle. It is likely that additional
examples will be found that may involve alternative binding
partners for EB1.
CLIP170 is the founding member of a family of micro-
tubule-end-binding proteins that are structurally distinct
from the EB1 family. CLIP170 family members in fission
yeast and motile fibroblasts play a role in orienting
microtubule ends toward a specialized cortical region in a
manner analogous to EB1. Fission yeast cells elongate only
at their tips, and this polarized growth requires microtubules
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that are kept oriented down the long axis of the cell
(Figure 1c). The orientation of microtubules down the
long axis of the cell requires the CLIP170 family
member, Tip1 [9]. In wild-type fission yeast, growing
microtubule ends that approach the cell cortex near the
middle of the cell continue to grow so that they curve
along the cortex toward the cell tip. In contrast, growing
microtubule ends that approach the cell cortex near the
tip of the cell switch between growing and shrinking
states so that they do not curve away from the cell tip. In
tip1 mutant cells, this asymmetry in microtubule behavior
is lost and microtubule ends approaching the cell cortex in
the middle of the cell switch between growing and
shrinking states so that they do not curve toward the tip of
the cell [9]. In this case, interactions between Tip1 at the
microtubule end and some cortical protein that is
excluded from the cell tips must mediate microtubule sta-
bilization by inhibiting transitions between growing and
shrinking states.
A complex containing mammalian CLIP170 may partici-
pate in an analogous microtubule-orientation phenome-
non that occurs in fibroblasts. When an experimental
wound is inflicted on a confluent monolayer of fibrob-
lasts, regions of cell cortex that no longer contact other
cells form a motile leading edge. A subset of micro-
tubules oriented toward this newly formed leading edge
are selectively stabilized [10] (Figure 1c). As growing
microtubules approach the cell cortex at the leading
edge, they frequently switch to a paused state in which
they neither grow nor shrink. This selective stabilization
appears to require signaling through the Rho pathway
and appears to be important in polarizing the cell and
generating a motile leading edge oriented toward the
wound [11].
Akhamanova et al. [2] have recently identified a group of
CLIP170-binding proteins, called CLASPs for ‘CLIP-
associated proteins’, which are implicated in this polari-
zation event. Unlike CLIP170 and EB1, which localize to
microtubule ends throughout a fibroblast, CLASPs are
only found associated with the ends of microtubules that
are polarized toward a leading edge. Preliminary experi-
ments suggest that localized inhibition of glycogen syn-
thase kinase-3β (GSK-3β) may be responsible for this
remarkable asymmetric distribution of CLASPs. The
expression of a constitutively active form of GSK-3β in
transfected cells was found to result in a loss of CLASP
from microtubule ends, and global inhibition of GSK-3β
with LiCl resulted in symmetric association of CLASPs
with microtubule ends throughout the cell. Akhamanova
et al. [2] suggest that the activation of phosphatidylinosi-
tol 3-kinase (PI-3 kinase) at the leading edge might lead to
localized inhibition of GSK-3β, and thus localized
binding of CLASPs. Future work will obviously need to
determine whether CLASPs are in vivo substrates of
Figure 1
Examples of microtubule interactions with
specialized regions of the cell cortex. (a) In
budding yeast, the EB1 family member Bim1
(red dot) binds to Kar9 in a special cortical
spot in the bud tip (green). This interaction
mediates the movement of the nucleus (blue)
into the bud neck. (b) In Drosophila neuro-
epithelial cells, EB1 at microtubule ends (red
dots) may prevent spindle rotation by binding
to cortical APC in adherens junctions (green).
In this example, inhibition of spindle rotation
ensures a symmetric cell division. (c) In fission
yeast, the CLIP-170 family member Tip1 at
microtubule ends (red dot) interacts with
unknown cortical components in the middle of
the cell (green) to promote microtubule
growth. As a result, microtubules curve along
the cortex toward one end. At the cell tips,
microtubules switch between growth and
shrinkage so that they remain pointed at the
cell tip. The resulting orientation of
microtubules down the long axis of the cell is
important for polarized growth at the cell tips.
(d) Fibroblasts at the edge of a wound form a
motile leading edge oriented toward the
wound. The CLIP-170 binding partner CLASP
(red dot) binds specifically to the ends of
microtubules that are near the leading edge, in
contrast with CLIP-170 (blue dot) and EB1
(yellow dot) which bind to all of the ends.
CLASP actively stabilizes microtubules whose
ends are near the leading edge.




GSK-3β, and whether localized gradients of phosphoryla-
tion actually exist.
CLASPs appear to play a direct role in stabilizing micro-
tubules oriented toward the leading edge, as they bind
microtubules in vitro in the absence of CLIP170. The
overexpression of CLASPs in COS cells was found to
cause global microtubule stabilization, and the inhibition
of CLASPs by antibody microinjection into fibroblasts led
to loss of stabilized microtubules oriented toward the
leading edge [2]. CLASPs appear to be the mammalian
orthologs of a Drosophila gene product named Orbit [12] or
Mast [13]. Orbit/Mast is required for proper mitotic
spindle function in Drosophila, and has also been shown to
bind directly to microtubules. The details of this
microtubule interaction, however, remain murky. A
domain found in some CLASPs and Orbit/Mast is
conserved in a larger superfamily of microtubule-binding
proteins, the Dis1/TOG family; this does not, however,
seem to be a simple microtubule-binding domain [14,15],
and isoforms of CLASP that do not have the Dis1/TOG
domain still associate with microtubule ends [2].
One class of alternatively spliced CLASPs have a domain
that associates with membranes in place of the Dis1/TOG
domain [2]. The structure of these isoforms, which can bind
microtubules and membranes, is reminiscent of CLIP170
itself, which ‘clips’ endosomes to microtubules [1]. This
form of CLASP may tether microtubule ends to the plasma
membrane in a manner analogous to the Bim1–Kar9 interac-
tion, or it may participate in transporting membrane vesicles
to the leading edge (Figure 2). The existence of these dif-
ferent CLASP isoforms certainly suggests that CLASPs
may have many different biochemical activities at the ends
of microtubules near the leading edge. It will be interesting
to see whether different binding partners for EB1 also gen-
erate different biochemical activities at microtubule ends.
One final note: recent studies [16,17] with mammalian cells
indicate that APC–EB1 complexes have cellular functions
in addition to mediating cortical attachment of micro-
tubules, in particular they appear also to have a role in mod-
ulating microtubule attachments to kinetochores.
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